Analysis of Design Parameters of Highway Subgrade Soils in Southern Russia  by Aleksikov, S.V.
 Procedia Engineering  150 ( 2016 )  1729 – 1732 
Available online at www.sciencedirect.com
1877-7058 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICIE 2016
doi: 10.1016/j.proeng.2016.07.162 
ScienceDirect
International Conference on Industrial Engineering, ICIE 2016 
Analysis of Design Parameters of Highway Subgrade Soils in 
Southern Russia 
S.V. Aleksikov* 
Volgograd State University of Architecture and Civil Engineering, Akademicheskaya st., 1, Volgograd 400074 , Russia 
Abstract 
The paper describes a methodology for analyzing the design humidity of subgrade soils under dry-land conditions in Southern 
Russia. The author has studied the strength characteristics of subgrade soils depending on their humidity and density 
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The research into the structural strength of road pavement in the South of Russia showed that safety margin of 
constructions of the elastic deflection equals 33-63%, safety margin of bending tension for monolithic surface 
course - 49-62%, shear resistance in the sand subsoil - 17-19%,  the shear resistance  in the soil of the highway sub-
grade - 2-6%, depending on the soil strength of the sub-grade.  The current approach to the purpose of soil strength 
of the basement for the road pavements had been worked out for large regions of the Russian Federation  [1-5] is to 
be defined for specific areas. In this regard, it is necessary to explore the dependence of physical and mechanical 
properties of clay soils in the South of Russia upon their regional humidity and density.   
When designing the road pavements, one uses as design strength  properties for the sub-grade: soil elasticity 
modulus  (ȿɝɪ),  its internal friction angle ( ĳɝɪ) and specific cohesion  (ɫɝɪ). The above mentioned parameters depend 
upon the soil type, itshumidity and density. The author’s research enabled to develop the techniques to determine a 
regional design soil humidity for the road pavement (Wɪ) depending on the road building climatic factors: 
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where  E – a coefficient taking into account the type, and by the moisture conditions equals 1 for the  1st type, 
1,01-1,03 for the  2nd type, 1,04-1,07 – for the 3rd type; J – coefficient equals  1 for the porous boundary layers of the 
pavement (sand, large gravel, sand and gravel mix, gravel aggregate, etc.), which are directly laid onto the highway 
sub-grade and 0,85-0,95 for the solid soils (stabilized soils); t – normed deviation; ɋN – a coefficient of variation for 
the soil humidity of a working layer of the roadbed (according to the data [3] ɋN=0,1).  
The design humidity of the soils in the open field (Wz) is calculated by the known annual amount of atmospheric 
precipitations  (ɏ) and the positive air temperatures (t ) 
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where WɌ – the soil humidity at the liquid limit; ai bi– coefficients depending on the soil type of the sub-grade ; 
ɋw – the coefficient of the soil humidity variation in the open field, depending on the average humidity (W): 
20,51 0,904 0,4883wC W W     (3) 
The consideration of the design humidity for the sub-grade soils is performed for the territory of the Volgograd 
Region  (Fig. 1).  
 
Fig. 1. Ɇɚximum humidity of soils in the sub-grade in the Volgograd Region  (1st type of locality in terms of humidity (damping) 
The design humidity of the sub-grade soils varies within the  range  0,48-0,59Wɬ for the loamy soils and 0,37-
0,50Wɬ for the sandy loam soils. In the sections of the 2nd type by the damping, the humidity varies: for the loamy 
soils   – 0,49-0,60Wɬ, for the sandy loam soils – 0,38-0,52Wɬ. In the 3rd type : for the loamy soils – 0,53-0,62Wɬ , for 
the sandy loam soils – 0,39-0,54Wɬ.  
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The studies of dependence of the strength characteristics for the sub-grade soils upon their humidity and density 
are done by the results of the diagnostic of the Volgograd Region highways  [6-9] with the assistance of the 
following papers [1, 2, 5]. It is known that the reliability growth and reduction of the pavement depth is possible 
when soils   of the body of road are compacted up to  the  coefficient of   1,05-1,08. The maximum effect is on clay-
loams and clays in the range of relative humidity   0,5Wɬ through 0,7Wɬ. The dependencies of the soil strength 
characteristics upon their coefficient of consolidation (Ʉɭ) and the relative humidity (Wɨ) are as follows: 
The modulus of elasticity for the clay soil 
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The specific cohesion in the clay soil 
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The angle of the internal friction in the clay soil 
ɭ ɨC a K b WM        (6) 
Coefficients ɋ, ɚ, b depend upon the soil type and are given in table 1. 
 Table 1. The coefficients of equations (4)-(6) 
Strength property of 
soils 
Soil type Standard 
error 
Correlati
on index 
Value of the coefficients of 
equations 
ɋ Į b 
The modulus of 
elasticity 
 
Clay loams and 
loams 
0,021 0,98 2,87 3,15  
Clay sands 0,021 0,98 4,23 0,23  
Angle of internal 
friction 
Clay loams and 
clays, clay sands, 
silt sandy loams 
0,055 0,97 0,09 3,43  
Clay sands 0,018 0,97 0,11 0,92  
Soil cohesion Clay loams and 
clays, silt sandy 
loams 
0,328 0,98 40,02 19,04 -59,30 
Clay sands 0,082 0,98 10,01 34,65 -14,83 
 
The dependencies (4)-(6) are used for the justification of the design strength properties of sub-grade soils for the 
roads in the Volgograd Region. It is found that the elasticity modulus of clay and  loamy soils varies in the range of  
63-119 Ɇpa , sandy loam soils – 63-91 Ɇpɚ. Specific cohesion for clay loams and clays varies from 0,015 to 0,045 
Ɇpa, claɭ  sands - from 0,01 tɨ 0,021 Ɇpa. The angle of internal friction for clay loams and clays varies from 14,1 
to 34,2 degrees, clay sands  - from 20,1 to 21 degrees. 
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Fig. 2. Experimental site of the road 
The specified design strength characteristics of clay soils are used when developing a regional album of the 
optimum pavement design from the local materials which is recommended for the construction of roads with low 
traffic intensity up to 400 vehicles  per day. In the years 2000-2002, experimental road structures had been built on 
the highway of the  IV technical category in a dry area of the Volgograd Region  (the V-th  road building climatic 
zone) using local soft gravel, stabilized soil, textile fabric, over-consolidated soil-‘hooped’ (Fig. 2). The introduction 
of the research results enabled to cut the object costs by 800-880.000 rubles /km. At present, the road pavement is in 
a good order.  
References 
[1] V.Ɇ. Sidenko, Roadway network (Improvement of design and building techniques), Budivelnik, Kiev, 1973. 
[2] I.Ⱥ. Zolotar, Water and thermal regime of the road bed and pavements, Transport, Moscow, 1971. 
[3] ɈDN 218.046-01, Construction sector highway code, Pavement design, Moscow, 2001. 
[4] V.I. Ruvinsky, Ɉptimum design of the sub-grade (based on regulating water and thermal regime), Ɍransport, Moscow, 1982. 
[5] V.M. Sidenkov, O.T. Batrakov, Yu.A. Poketnev, Road pavements with steam and damp courses, Ɍransport, Moscow, 1894. 
[6] JG-54, Determination of elasticity modulus for pavement and sub-grade layers on the road Rechensky-Upornikovsky, Code, Volgograd center 
Rosdornii, Volgograd, 1993. 
[7] Determination of strength properties of pavement layers on the highways of Kamyshin district in Volgograd Region, Rosdornii, Volgograd, 
1989. 
[8] S.V. Ⱥleksikov, L.E. Ʉurdyukova, I.S. Ⱥleksikov, Forecasting physic-mechanical properties of the sub-grade soils, Vestnik Volgograd 
University of Architecture and Building, Series: Civil  Engineering and Architecture. 12 (2008) 51௅53. 
[9] S.V. Aleksikov, Consideration of the strength for sub-grade soils of roads in the Low Volga region, in: Proceeding of Engineering problems 
of the building material science, geotechnical and road construction, II-nd scientific and technical conference, Volgograd. (2009) 141௅144. 
